The European Air Navigation Services Providers (ANSPs) currently handle around 26,000 flights per day. According to forecasts, air traffic levels should probably double by 2020. Different benchmarking exercises have shown that European ATM costs, in comparison to other similar systems on the globe, additional € 2-3 billion per year. This strongly implies that European ATM needs to cut costs and improves its performance. Aeronautical organisations such as the European Organisation for the Safety of Air Navigation (EUROCONTROL) or Civil Air Navigation Services Organisation (CANSO) perform benchmarking studies and issue reports, but they both admit that their work is based on factual analysis and not on proper normative analysis and therefore are not entirely objective. Factual analysis is a good starting point, but as already recognized generally, proper methodology should be developed for proper normative analysis. To get a bit closer to objectivity of the results, this paper challenges one of the recognized endogenous factors, the traffic variability. Equalizing the calculations by different variability factors proved that benchmarking order of individual ANSPs changed. Showing an example on how seasonal variability can influence cost-effectiveness and ATCOHour productivity is only one small stone in a mosaic of potential future methodology for normative analysis.
Introduction
1 Corresponding author: Andrej. Grebensek@sloveniacontrol.si Of all modes of transport, air transport has achieved the most impressive growth in Europe over the last twenty years. In terms of passenger-kilometres, traffic increased by an average of 7.4% per year between the years 1980 and 2008. Taking it from the ICAO data, the global passenger traffic increased by 8.7% in 2010, to approximately 2.5 billion passengers. On the other hand, the global traffic had declined by 0.7% in 2009 and 0.4% in 2008 (European Commission, 2011 .
In order to establish new approach to ATM, the European Commission in 2005 stated the political vision and high level goals for the Single European Sky (SES) (SESAR Joint Undertaking, 2009) . Further on, Single European Sky second package (SES II) made a significant step forward towards establishing targets in key areas of safety, network capacity, effectiveness and environmental impact (EUROCONTROL (EC-1), 2011).
To facilitate more effective management of the European ATM system, the Commission of EUROCONTROL established the Performance Review Commission (PRC) in 1998. PRC, supported by the Performance Review Unit (PRU), which was established at the same time, introduced strong, transparent and independent performance review and target setting and provided a better basis for investment analyses and, with reference to existing practice, provided guidelines to States on economic regulation to assist them in carrying out their responsibilities (EUROCONTROL (EC-2), 2011).
As a logical consequence, the European Commission adopted, in December 2010, a decision which has set the EU-wide performance targets for the provision of air navigation services for the years 2012 to 2014. The work of the PRU executed through the ATM Cost-Effectiveness (ACE) factual and independent benchmarking, has been recognized as one of the main inputs for determining the EU-wide cost-efficiency target and it will also have a major role in the assessment of national/FAB performance plans (EUROCONTROL, 2011).
Background
In order to improve their performance, airspace users constantly force the ANSPs. Different airline associations call for urgent deliverables and a faster progress towards the Single European Sky (ATC Global INSIGHT, 2011).
As a result, the European Commission is now setting the first priority on the Member States to revise their individual performance plans.
Widely used and mutually accepted tools for self-assessment have been (among other) the EUROCONTROL PRU ATM CostEffectiveness Benchmarking Report, which is issued on a yearly basis from 2002, and to the smaller extend also CANSO Global Air Navigation Services Performance Report, issued this year for the second time in the row (CANSO, 2011).
Both reports are addressing similar issues, measuring and analysing similar factors, taking into account similar variables. The real major difference is in the collection of ANSPs, where ACE Benchmarking Report focuses on all European actors and CANSO on selected (the ones that volunteered) global actors. For the purpose of this study mostly ACE Benchmarking Report has been used and CANSO Global Air Navigation Services Performance Report only to the smaller extent.
Assumptions and Definitions
To set up the framework of the study, here are the necessary assumptions:
• Single European Sky packages I and II are defining the goals and targets;
• ACE Benchmarking is broadly accepted tool for benchmarking;
• The airspace covered by the SES and ACE Report is definite -limited in size;
• Traffic in the European airspace is constantly growing, but is again definite -also limited in the amount;
• Airspace users expect from ANSPs to have enough capacity to handle the traffic without delays also in peak periods of the day/month/year. The same expectation is shared by the public and/or politicians;
• Delays are in general not accepted as they induce costs in excess of €1 billion per year;
PRU has set up the following Key Performance Indicators (KPIs):
• Financial Cost-Effectiveness -The European ATM/CNS provision costs per composite flight hour with the sub-set of KPIs:
-ATCO hour productivity -efficiency with which an ANSP utilizes the ATCO man-power;
-ATCO employment costs per ATCO hour;
-ATCO employment costs per composite flight hour;
-Support costs per composite flight hour;
• Forward looking Cost-Effectivenessforward looking plans and projections for the next five years;
• Economic Cost-Effectiveness, taking into account both financial cost-effectiveness and quality of service (Air Traffic Flow Management ground delays, airborne holding, horizontal flight-efficiency and the resulting route length extension, vertical flight-efficiency and the resulting deviation from optimal vertical flight profile).
In order to assure objectivity of the analysis, PRU took into consideration both exogenous (factors outside the control of ANSP) and endogenous (factors entirely under the control of the ANSP) factors that can influence the ANSP performance.
When researching the literature, it was found that significant volume of work has been done regarding the ATM Performance optimization. Some examples are listed under (Castelli et al., 2003; Castelli et al., 2005; Castelli and Ranieri, 2007; Christien and Benkouar, 2003; Fron, 1998; Kostiuk and Lee, 1997; Lenoir and Hustache, 1997; Mihetec et al., 2011; Nero and Portet, 2007; Oussedik et al., 1998; Papavramides, 2009; Pomeret and Malich, 1997 ) (many more are available), however no paper could be found that would challenge one of the PRU recognized endogenous factor, the traffic variability.
Arguably, the traffic variability, taking into account also the assumptions above, can have a decisive effect on the objectivity of the results of any benchmarking study and will therefore be further elaborated.
Other endogenous factors, such as traffic complexity, also most definitely affect the overall performance of an individual ANSP and surely contribute to the objectivity of the results; therefore they by all means qualify for the future research.
ACE Benchmarking Report Facts and Figures
Among other PRU outputs in the ATM CostEffectiveness (ACE) 2009 Benchmarking Report, benchmarking the financial costeffectiveness, is similar graph to the one in 
ATCO-Hour Productivity (Gate-to-Gate) 2009
Where Total ATCO-hours on duty in Eq. (3) 
Traffic Variability
Since delays are counted in millions of euros per year, any airspace user, especially those which perform scheduled flights, would expect from any ANSP to have enough capacity available to meet their demand at any period of the year. ANSPs therefore need to constantly enhance their capacity through upgrade of their technical facilities, technology and methods of work and by employment of additional staff, in particular ATCOs. This all contributes to additional "fixed" costs on a yearly basis, regardless of the actual demand in a particular period of the year. In other words, due to the nature of business and required competency of the ANSPs staff, the personnel needed to cope with peak demand, usually in summer period, cannot be fired in
October and re-employed in May next year. ANSPs rather need to keep them on their payroles throughout the whole year. The greater the variability of traffic the more the resources are underutilized and therefore contribute to cost ineffectiveness of particular ANSP. So called "wasted resources" are presented in Fig. 3 as a blue area.
As already assumed in Chapter 3, the airspace and traffic volumes are definite in size. Therefore, it is not possible to optimize the business by purely attracting more traffic in the quiet periods of the year as, firstly, there is obviously no additional demand from the airspace users at those times and, secondly, traffic flow can only be re-shifted at the expense of another ANSP. Traffic variability thus needs to be considered as a contributing factor that cannot be avoided. 
Financial Cost-Effectiveness Rank Change by ACE Variability Factors
By using these calculated factors to equalize the composite flight hours (Eq. (6)), the order of classification of the financial cost-effectiveness of the benchmarked ANSPs changes (Fig.  4b ). The ones with lower traffic variability move to the left towards less cost-effective ANSPs and the ones with higher traffic variability to the right, towards more cost-effective ANSPs.
In order to get only one seasonal traffic variability factor per ANSP, the factors were averaged for the ANSPs that in the ATM CostEffectiveness (ACE) 2009 Benchmarking Report, have FIRs divided in more sections with different variability factors. Results with regards to Financial Cost Effectiveness are presented in Fig. 4a and to Rank change in Fig. 4b .
To get the total objectiveness of the traffic variability ratio of traffic in the peak week to the average weekly traffic (Eq. (5)) is not enough. In order to calculate the ratio of the de-facto time when ATCO is utilized to the time that ATCO could be utilized, providing that there is traffic demand, the real variability factor needs to be calculated, based on the traffic statistics. The only source of data available for general public is the EUROCONTROL Air Traffic Statistics and Forecasts (STATFOR) data on actual amount of traffic per country per month (EUROCONTROL (EC-3), 2001 ).
To calculate the variability factor, the ratio of the fictitious yearly traffic to the ratio of actual yearly traffic has been used as shown in the STATFOR traffic variability below (Eq. (7)). The fictitious yearly traffic has been calculated as multiplication of maximum monthly traffic by 12 (months):
(7) Fig. 5a .
Financial Cost-Effectiveness Corrected by STATFOR Variability Factors

Fig. 5b. Financial Cost-Effectiveness Rank Change by STATFOR Variability Factors
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ATCO-Hour Productivity Rank Change by ACE Variability Factors
Conclusion
The ATM environment is specific and a complex one. The logic of standard economy does not always directly fit into the picture. Aviation is ruled globally, regionally and nationally by sets of rules, standards, recommended practices and legal papers. On the one hand, everyone expects that operations are, beyond any doubt, safe and efficient. On the other hand, they should be as much as possible inexpensive. The inputs and the outputs of the process are globally the same. The ways on how to run the business are normally affected by local particularities and therefore are usually somewhat different. Some factors that are affecting the business can be influenced, but some have to be taken on board as granted; meaning that even if we get another ANSP to render the services in one particular part of the globe, they would still have to overcome the same constraints as the original ANSP from that particular part of the globe. 
ATCO-Hour Productivity Rank Change by STATFOR Variability Factors
As the last part of this research, composite flight hours have been equalized by STATFOR based data, calculated seasonal traffic variability factors, which again resulted in some changes in classification order. Results, based upon input data of Table 3 , with regards to ATCO-Hour Productivity are presented in Fig. 7a and to Rank change in Fig. 7b .
It is also safe to assume that economy of scale does not necessarily optimize the performance and enhances cost-effectiveness, but somehow flattens out the peaks and valleys in the graph of performance and costeffectiveness. The larger the geographical area of business, the more chance there is that particular ANSP would cover areas with heavy traffic flows and areas with little traffic, or areas with high seasonal variability and low seasonal variability, or high traffic complexity and low traffic complexity and so on. Using this reasoning, usual statement that smaller ANSPs can never be as efficient as bigger ones, does not hold entirely. Providing that bigger ANSP takes over the smaller one, by default this does not mean that bigger ANSP and smaller ANSP would now become more efficient all together, but would rather mean that bigger one would probably become a bit less efficient. The reasoning for this is based on assumptions defined in Chapter 3.
PRU offers a set of suggestions on how to optimize the business such as change of pension schemes for new recruits, increase of retirement age, review of staffing needs for support functions, postponement of recruitment, postponement of training, improved procurement processes, extension of life of technical systems, revision of investment plans, rationalisation of ACCs and other operational units, seeking improvements through cooperation (FABs), etc.
All the proposed above is sensible and worthwhile looking at, but in order to have proper starting point for optimization, proper benchmarking exercise needs to be executed, where apples are compared to apples and not to pears. Factual analysis is therefore good starting point, but as already recognized, proper methodology should be developed for proper normative analysis.
Showing an example on how seasonal variability can influence cost-effectiveness is only one small stone in a mosaic of potential future methodology for normative analysis. This area of work offers a great deal of opportunities for future research work. By taking into account seasonal variability when performing the calculations, it could be easily stated that results become a bit more objective. An ANSP that is situated in such part of the world, where seasonal variability is high, could probably try to optimize all the areas proposed by the PRU and would hardly become more efficient than an ANSP which has no problems with traffic variability.
The same goes for all the other factors that are already recognized and described by the PRU and CANSO and are not elaborated in this paper.
